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PLASMA PROCESSING APPARATUS AND only a negligible change to the plasma processing result , but 
PREDICTION APPARATUS OF THE gives a large change to the data is included . 

CONDITION OF PLASMA PROCESSING For example , a change component caused by the change 
APPARATUS in the physical environment of the apparatus such as con 

5 sumption of an inner wall of the apparatus can be mentioned . 
CLAIM OF PRIORITY In particular , it is an emission intensity change component 

caused by change in roughness , change in a film thickness The present application claims priority from Japanese and change in a quartz fogging amount in a quartz window Patent Application JP 2018-13338 filed on Jan. 30 , 2018 , the installed for light introduction of spectroscopic measure content of which is hereby incorporated by reference into 
this application . 10 ment and a quartz cover installed to cover the inner wall of 

the plasma processing apparatus in the plasma emission 
BACKGROUND OF THE INVENTION measurement data , a plasma impedance change component 

caused by change in a film thickness of an insulating film 
The present invention relates to a plasma processing layer formed in the inner wall portion of the grounded 

apparatus provided with a function that predicts a state of the 15 apparatus in plasma impedance data , and the like . 
apparatus by performing arithmetic processing using sensor That is , in a case of calculating the models , thresholds , 
data output from the plasma processing apparatus and a state and apparatus soundness indexes for performing state pre 
prediction apparatus that predicts a state of a processing diction of the aforementioned plasma processing appara 
chamber in which a sample is subjected to plasma process- tuses using the raw data group acquired from these appara 
ing 20 tuses as input data , it is difficult to accurately predict the 

In a semiconductor device manufacturing process , various state change affecting the plasma processing result as a 
manufacturing processes such as lithography , film forma- prediction target . Therefore , there is a need to cancel ( re 
tion , and etching are performed repeatedly . In a semicon- move ) the change component accompanied with physical 
ductor device mass production factory , suppressing a environment change of the apparatus . 
decrease in an operation rate of a semiconductor manufac- 25 In the related art , a technique of correcting a value by 
turing apparatus performing these manufacturing processes standardizing for each data of an optional section as 
is one of important issues in mass production cost reduction . described in International Publication No. WO2004 

For example , in a plasma etching apparatus , a long term 19396A1 . As described in Japanese Patent No. 3709378 , a 
operation of the apparatus causes a temporal change inside method of detecting attenuation of light caused by the quartz 
a processing chamber due to accumulation of a reaction 30 fogging from difference in light quantity between reference 
product and consumption of a part , deterioration of a com- light of external light acquired in advance and external light 
ponent performing a plasma generation and control , and the acquired at any apparatus state , and correcting the plasma 
like . Thus , periodic maintenance for regular part replace- emission spectroscopic measurement data acquired at any 
ment and apparatus cleaning and apparatus maintenance apparatus state from the attenuation of light in the plasma 
performed as a response to an unexpected apparatus failure / 35 processing apparatus provided with the external light that 
malfunction and the like are performed . transmits a light introduction quartz window for plasma 

Since any of these pieces of maintenance decrease the emission spectroscopic measurement and a quartz cover that 
operation rate of the apparatus , a time for the apparatus covers an inner wall of the apparatus is disclosed . 
maintenance is required to be a necessary minimum from a However , in the technique disclosed in International Pub 
viewpoint of mass production cost . In order to reduce a 40 lication No. WO2004-19396A1 , since the change caused in 
cumulative time for the apparatus maintenance , the mainte- the optional section is discretely corrected , it is not appro 
nance is required to be performed at the optimum timing priate for removing continuously occurring temporal change 
with high efficiency by predicting soundness and life of each component . In the technology disclosed in Japanese Patent 
manufacturing apparatus and further specifying an apparatus No. 3709378 , since correction is performed for each data 
part to be maintained in advance . 45 point , there is a problem that the generated correction error 

In the related art , in the plasma processing apparatus , as can be a new variation for each data point . The generated 
a method of monitoring an apparatus state and detecting correction error is a new disturbance for the continuous 
predicting an abnormality , following techniques have been temporal change component , and new devices are required 
proposed . For example , there are methods of determining an to prevent ( or reduce ) generation of the correction error for 
operation stop time by creating a reference model from an 50 each data point in practical use . That is , in order to predict 
apparatus signal data group acquired during operation of the apparatus state with high accuracy , a method and a 
apparatuses disclosed in Japanese Patent No. 4570736 and system that capture the continuous temporal change com 
JP - A - 2016-192532 , calculating change degree ( hereinafter , ponent of the physical environment change and remove only 
apparatus soundness index ) from the model in the apparatus the change component from the input data for model cre 
signal data acquired from an apparatus for state prediction , 55 ation , threshold calculation , and soundness index calcula 
and providing a threshold for the apparatus soundness index . tion . 

In these methods , for input data used to calculate the The present invention is made to solve the problems 
models , soundness indexes , and thresholds , plasma emission described above , and an object of the present invention is to 
spectroscopic measurement data , electrical signal data at provide , in a plasma processing apparatus , the plasma pro 
optional points of the apparatuses such as control signals and 60 cessing apparatus capable of detecting an apparatus abnor 
response signals of sensors and components , and the like are mality affecting plasma processing result as a prediction 
used . target with high accuracy and accurately predicting a time 

when maintenance is required , and a state prediction appa 
SUMMARY OF THE INVENTION ratus that predicts a state of a plasma processing chamber in 

65 which a sample is subjected to plasma processing by cap 
However , in the raw data group acquired from these turing a continuous temporal change component of physical 

apparatuses , in many cases , a change component that gives environment change in the plasma apparatus , canceling 
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( removing ) only the change component from input data in FIG . 7 is a graph showing an example of an apparatus 
prediction of the apparatus state , and calculating a reference state prediction result according to the embodiment of the 
model for prediction , a threshold for determining the abnor- present invention . 
mality , and a soundness index indicating the apparatus state . 

The above - described object can be achieved with the 5 DETAILED DESCRIPTION OF THE 
plasma processing apparatus including the processing cham INVENTION 
ber in which a sample is subjected to the plasma processing 
and the state prediction apparatus that predicts the state of The present invention relates to a plasma processing state 
the processing chamber in which the state prediction appa prediction apparatus including a plasma processing appara 
ratus is configured to remove the temporal change compo 10 tus that processes a sample by generating plasma in an 
nent of the physical environment of the processing chamber airtight processing chamber and a state prediction apparatus 
from first data monitored during the plasma processing and that predicts an apparatus state of the plasma processing 

apparatus . The state prediction apparatus is configured to perform an operation to predict the state of the processing 
chamber using the first data from which the temporal change 15 ratus data output from the plasma processing apparatus include an apparatus data recording unit that records appa 
component is removed as input data , and the temporal during the plasma processing apparatus is processing the 
change component is extracted from second data indicating sample , a physical environment measurement data recording 
the physical environment of the processing chamber . unit that measures physical environment inside the process 

The above - described object can be achieved with the state ing chamber and records as apparatus physical environment 
prediction apparatus that predicts the state of the processing 20 data , a data correction unit that extracts a temporal change 
chamber in which a sample is subjected to the plasma component of the physical environment from a plurality of 
processing including an arithmetic unit that performs the apparatus physical environment data recorded in the physi 
peration to predict the state of the processing chamber cal environment measurement data recording unit , and 

using first data , monitored during the plasma processing , extracts and removes the temporal change component of the 
from which a temporal change component of the physical 25 physical environment from the apparatus data recorded in 
environment of the processing chamber is removed as input the apparatus data recording unit , and an apparatus state 
data , in which the temporal change component is extracted prediction calculation unit that performs calculation to pre 
from second data indicating the physical environment of the dict the apparatus state of the plasma processing apparatus 
processing chamber . using the apparatus data from which the temporal change 

According to the present invention , in the plasma pro 30 component of the physical environment is removed as input data . cessing apparatus including the processing chamber for 
processing a sample , it is possible to capture the continuous The present invention relates to a plasma processing state 

prediction apparatus including a plasma processing appara temporal change component in physical environment 
change of the apparatus that does not affect the plasma 35 sample stage inside and processes a sample placed on the tus that includes a processing chamber provided with a 
processing result but greatly affects the data acquired from sample stage with plasma that is generated inside the pro the apparatus , to remove only the change component from cessing chamber , and a state prediction apparatus that pre 
the input data in calculation for performing the apparatus dicts the apparatus state of the plasma processing apparatus . 
state prediction , and to improve the prediction accuracy of The state prediction apparatus is configured to include a data 
the apparatus state . According to the present invention , in 40 recording unit that records a plurality of apparatus physical 
the plasma processing apparatus , it is possible to detect the environment data acquired by measuring by changing the 
apparatus abnormality that affects the plasma processing physical environment inside the processing chamber and the 
result as the prediction target with high accuracy , and apparatus data output from the plasma processing apparatus 
accurately predict a time for maintenance . during the processing the sample by the plasma processing 

45 apparatus , a data correction unit that extracts and removes 
BRIEF DESCRIPTION OF THE DRAWINGS the continuous temporal change component of the apparatus 

physical environment change that does not affect the plasma 
FIG . 1 is a block diagram of a longitudinal section for processing result by the plasma processing apparatus but 

explaining a configuration of a plasma processing apparatus greatly affects the apparatus data acquired from the plasma 
according to an embodiment of the present invention . 50 processing apparatus from the apparatus data using the 
FIG . 2 is a block diagram showing an overall configura- plurality of apparatus physical environment data and the 

tion of a plasma processing state prediction apparatus apparatus data recorded in the data recording unit , an 
according to the embodiment of the present invention . apparatus state prediction unit that predicts an apparatus 
FIG . 3 is a flowchart showing a principle of a sequence for abnormality that affects the plasma processing result of the 

removing a physical environment component according to 55 plasma processing apparatus using the apparatus data from 
the embodiment of the present invention . which the continuous temporal change component of the 
FIG . 4 is a flowchart showing measurement of quartz apparatus physical environment is removed , and a determi 

surface change and a removal sequence of a quartz surface nation / control apparatus that outputs information that warns 
change component according to the embodiment of the the abnormality of the plasma processing apparatus in a case 
present invention . 60 where the apparatus state prediction unit predicts the appa 

FIG . 5 is a flowchart showing a modification example of ratus abnormality in the plasma processing apparatus . 
the measurement of the quartz surface change and the In the present invention , the above - described plasma 
removal sequence of the quartz surface change component processing state prediction apparatus is configured to 
according to the embodiment of the present invention . include a physical environment change component extrac 
FIG . 6 is a flowchart showing an apparatus state predic- 65 tion unit that constructs a principal component space for the 

tion calculation sequence according to the embodiment of plurality of apparatus physical environment data by per 
the present invention . forming principal component analysis on the data correction 
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unit using the plurality of apparatus physical environment microscopically measures the light transmitted through one 
data , a physical environment component removal unit that of the transmission windows between the pair of transmis 
removes the temporal change component of the physical sion windows , and an external light irradiation unit that 
environment from the apparatus data by projecting the emits external light inside the processing chamber from the 
apparatus data recorded in the apparatus data recording unit 5 other transmission window between the pair of the trans 
on the principal component space to remove a first principal mission windows . The plasma emission spectroscopic mea 
component or a plurality of principal components from the surement data of the spectroscopic measurement data 
top from the apparatus data projected on the principal acquired by plasma processing a sample while an initial 
component space and to be returned to an original data quartz cover is mounted inside the processing chamber and 
space . 10 spectroscopically measuring the plasma emission during the 

In the present invention , in the plasma processing state plasma processing with spectroscopic measurement unit and 
prediction apparatus provided with the above - described data the plasma emission spectroscopic measurement data of the 
correction unit , the processing chamber includes a pair of spectroscopic measurement data acquired by , using a plu 
light transmission windows at opposite positions , an exter- rality of quartz covers thinned by different thicknesses with 
nal light irradiation unit that emits external light inside the 15 respect to the initial quartz cover in place of the initial quartz 
processing chamber from a light transmission window on cover , spectroscopically measuring the plasma emission 
one side between the pair of light transmission windows , and during the plasma processing of the sample for each quartz 
a spectroscopic measurement unit that spectroscopically cover having different thicknesses with the plasma emission 
measures the external light transmitted through a light spectroscopic measurement unit are the apparatus physical 
transmission window on the other side between the pair of 20 environment data to be recorded in the physical environment 
the light transmission windows in the external light emitted measurement data recording unit . The plasma emission 
from the external light irradiation unit , transmitted through spectroscopic measurement data acquired by spectroscopi 
the light transmission window on one side and entered inside cally measuring with the spectroscopic measurement unit 
the processing chamber . The spectroscopic measurement each plasma processing when plasma processing in which 
data on a plurality of external lights acquired by repeatedly 25 plasma is generated inside the processing chamber while a 
spectroscopically measuring the external light emitted from predetermined quartz cover is mounted inside the processing 
the external light irradiation unit in a state that plasma is not chamber is carried out by replacing the samples one by one 
generated inside the processing chamber with the spectro- is the apparatus data to be recorded in the apparatus physical 
scopic measurement unit by changing the conditions inside environment data recording unit . 
the processing chamber is the apparatus physical environ- 30 In the present invention , in the plasma processing state 
ment data to be recorded in the physical environment prediction apparatus including the above - described data 
measurement data recording unit . The plasma emission correction unit , the plasma processing apparatus includes a 
spectroscopic measurement data acquired by spectroscopi- substrate electrode disposed inside the processing chamber , 
cally measuring with the spectroscopic measurement unit a radio frequency power supply that applies radio frequency 
when the plasma is generated inside the processing chamber 35 power to the substrate electrode from outside the processing 
and the sample is processed is the apparatus data to be chamber , a voltage / current probe that measures a radio 
recorded in the apparatus data recording unit . frequency current value or a voltage value of the radio 

In the present invention , in the plasma processing state frequency power applied to the substrate electrode from the 
prediction apparatus including the above - described data radio frequency power supply between the radio frequency 
correction unit , the processing chamber has a quartz cover 40 power supply and the substrate electrode , and an impedance 
installed so as to cover an inner wall of the processing arithmetic unit that calculates plasma impedance from the 
chamber , one pair of transmission windows provided at measurement value acquired by measuring the radio fre 
opposite positions , an spectroscopic measurement unit that quency current value or the voltage value by the voltage ! 
microscopically measures the light transmitted through one current probe . The plasma impedance calculated by the 
of the transmission windows between the pair of transmis- 45 impedance arithmetic unit from the measurement value 
sion windows , and the external light irradiation unit that acquired by measuring the radio frequency current value or 
emits external light inside the processing chamber from the the voltage value of the radio frequency power with the 
other transmission window between the pair of the trans- voltage / current probe applied to the substrate electrode from 
mission windows . The spectroscopic measurement data of the radio frequency power supply during the plasma pro 
the plurality of external lights acquired by changing any of 50 cessing the sample placed on the substrate electrode by 
the quartz fogging amount , surface roughness , or a thickness generating inside the processing chamber while the initial 
of the quartz cover or the pair of transmission windows with quartz cover is mounted inside the processing chamber , and 
the spectroscopic measurement unit in a state that the plasma the plasma impedance calculated by the impedance arith 
is not generated inside the processing chamber is the appa- metic unit from the measurement value acquired by mea 
ratus physical environment data to be recorded in the 55 suring the radio frequency current value or the voltage value 
physical environment measurement data recording unit . The of the radio frequency power applied to the substrate elec 
plasma emission spectroscopic measurement data acquired trode from the radio frequency power supply , using a 
by the spectroscopic measurement unit in the state that the plurality of quartz covers thinned by different thicknesses 
plasma is not generated inside processing chamber is the with respect to the initial quartz cover in place of the initial 
apparatus data to be recorded in the apparatus data recording 60 quartz cover , during the plasma processing of the sample for 
unit . each quartz cover having different thicknesses are the appa 

In the present invention , in the plasma processing state ratus physical environment data to be recorded in the 
prediction apparatus including the above - described data physical environment measurement data recording unit . The 
correction unit , the processing chamber has a quartz cover plasma impedance calculated by the impedance arithmetic 
installed so as to cover the inner wall of the processing 65 unit from the measurement value acquired by measuring the 
chamber , one pair of transmission windows provided at radio frequency current value or the voltage value of the 
opposite positions , an spectroscopic measurement unit that radio frequency power with the voltage / current probe 
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applied to the substrate electrode from the radio frequency A vacuum evacuation pump ( not shown ) is connected to 
power supply during the plasma processing the sample by the lower part of the processing chamber 101 through a 
generating the plasma inside the processing chamber while vacuum evacuation pipe 108 so that the inside of the 
a predetermined quartz cover is mounted inside the process- processing chamber 101 partitioned by the dielectric win 
ing chamber is the apparatus data to be recorded in the 5 dow 103 can be evacuated . The substrate electrode ( sample 
apparatus data recording unit . stage ) 109 installed at the lower part of the processing 

Embodiments of the present invention will be described chamber 101 so as to face the shower plate 102 at the upper 
below with reference to the drawings . part of the processing chamber 101 has an upper surface 

covered with a dielectric film ( not shown ) . The plasma processing state prediction apparatus accord 
ing to the embodiment of the present invention will be A sample ( wafer ) 110 is transported to the inside of the 

processing chamber 101 by a transportation apparatus such described with reference to FIGS . 1 to 6 . as a robot arm ( not shown ) . Then , the sample is mounted on First , an example of a plasma etching apparatus that has the substrate electrode 109 and is electrostatically attracted a configuration excluding a state prediction apparatus 600 to a dielectric film ( not shown ) that covers the upper surface which is a portion of the plasma processing apparatus 15 of the substrate electrode 109 by a DC voltage applied to an 
according to the present invention will be described using electrode ( not shown ) formed inside the dielectric film that FIG . 1. FIG . 1 is a longitudinal section diagram for explain covers the upper surface of the substrate electrode 109 from 
ing a configuration of a microwave electron cyclotron reso a DC power supply 111. The radio frequency power supply 
nance ( ECR ) plasma etching apparatus which is an example 112 can apply radio frequency power to the substrate elec 
of a plasma etching apparatus 100 according to the present 20 trode 109 via a radio frequency matching device 113. An 
embodiment , and schematically showing a substrate elec- earth 114 connected to a ground is installed in the middle of 
trode 109 installed inside a processing chamber 101 , a the processing chamber 101 , and the radio frequency current 
supply apparatus of an electric field ( magnetron 106 ) and a applied on the substrate electrode 109 by the radio frequency 
supply apparatus of a magnetic field ( solenoid coil 105 ) , and power supply 112 flows in the earth 114 via plasma . 
a radio frequency power supply 112 installed outside a 25 The processing chamber 101 has a through - hole filled 
vacuum container forming the processing chamber 101 , and with a quartz window 201 - A , and an external light source 
a control apparatus 200. A device and an apparatus other 202 is installed outside . The processing chamber 101 has the 
than those described above can be disposed or removed same through - hole also at the diagonal of the through - hole 
according to a required performance or specification so as in which the quartz window 201 - A of the processing cham 
not to significantly impair an operation and an effect of the 30 ber 101 is disposed , and the through - hole is filled with a 
invention according to the embodiment by a person having quartz window 201 - B . The external light emitted from the 
ordinary knowledge in a technical field according to the external light source 202 transmits through the quartz win 
embodiment . dow 201 - A and enters the inside of the processing chamber 

In the plasma etching apparatus 100 shown in FIG . 1 , a 101 , and a portion of the external light transmits through the 
disk - shaped shower plate 102 formed of a conductor having 35 quartz window 201 - B that is provided on the opposite side 
a plurality of opening parts 1021 for introducing a reactive and is measured by a spectroscopic measurement device 
gas and a dielectric window 103 ( for example , made of 203. The spectroscopic measurement device 203 can spec 
quartz ) are disposed above the processing chamber 101 troscopically measure the plasma emission by the plasma 
having a cylindrical shape with an open upper top , and an generated inside the processing chamber 101 in addition to 
inside of the processing chamber 101 is sealed hermetically 40 the external light emitted from the external light source 202 . 
by the dielectric window 103. A flow rate of the reactive gas A voltage / current probe ( V / I probe ) 301 that can measure 
is controlled by a gas supply apparatus 104 , and the reactive a radio frequency current value or a voltage value is con 
gas is supplied to the processing chamber 101 via the shower nected between the radio frequency power supply 112 and 
plate 102. On the outer circumference and above the pro- the substrate electrode 109 , and is connected to an imped 
cessing chamber 101 , solenoid coils 105 that form the 45 ance arithmetic unit 302 that calculates plasma impedance 
magnetic field inside the processing chamber 101 are dis- from the measurement value inside the control apparatus 
posed , and it is possible to control the magnetic field formed 200 . 
inside the processing chamber 101 by the current of the The gas supply apparatus 104 , the solenoid coil 105 , the 
solenoid coils 105 . magnetron 106 , the radio frequency power supply 112 , the 
At the open upper part of the processing chamber 101 , the 50 external light source 202 , and the spectroscopic measure 

magnetron 106 that generates electromagnetic wave and a ment device 203 are connected with the control apparatus 
waveguide 107 ( or an antenna ) that transmits the electro- 200 . 
magnetic wave are installed , and are connected to a cylin- The etching processing in the plasma etching apparatus 
drical space 1013 disposed above the dielectric window 103 100 described above is started in the following flow . 
via an opening part 1014. The electromagnetic wave used in 55 First , the vacuum evacuation pump ( not shown ) is oper 
the present embodiment is a microwave of 2.45 GHz by the ated under the control of the control apparatus 200 and the 
magnetron 106 , but this is not limited particularly by the inside of the processing chamber 101 is evacuated . When the 
effect and the operation . pressure inside the processing chamber 101 reaches a pre 
A cavity resonator is formed by the cylindrical space 1013 determined degree of vacuum ( pressure ) , the gas supply 

formed at the upper part of the dielectric window 103 and a 60 apparatus 104 is operated by the control apparatus 200 so 
space 1012 inside the processing chamber 101 partitioned by that a process gas is introduced from the gas supply appa 
the dielectric window 103 and the disk - shaped shower plate ratus 104 into the processing chamber 101 and the inside of 
102 formed of the conductor . In the cavity resonator con- the processing chamber 101 is controlled to a desired 
figured by the space 1013 , the dielectric window 103 , and pressure . 
the space 1012 , a space that satisfies conditions for resonat- 65 The control apparatus 200 controls the magnetron 106 in 
ing the microwave introduced from the opening part 1014 is this state to generate a magnetic field with intensity that 
formed . satisfies ECR condition for the electromagnetic wave ( mi 
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crowave ) supplied from the magnetron 106 at a space The data correction unit 620 includes a preprocessing unit 
between the shower plate 102 and the wafer 110 mounted on 621 that performs preprocessing on the apparatus physical 
the substrate electrode 109 inside of the processing chamber environment data recorded in the physical environment 
101 . measurement data recording unit 611 of the data recording 
Next , the control apparatus 200 controls the magnetron 5 unit 610 and the apparatus data recorded in the apparatus 

106 to generate the electromagnetic wave ( microwave ) from data recording unit 612 , a physical environment change 
the magnetron 106. The microwave oscillated from the component extraction unit 622 that extracts the physical magnetron 106 propagates inside the waveguide 107 , and is environment change component from an apparatus physical introduced to the inside of the cavity resonator formed by the environment data group of the plasma etching apparatus 100 cylindrical space 1013 formed at the upper part of the 10 
dielectric window 103 and the space 1012 inside the pro preprocessed in the preprocessing unit 621 , and a physical 
cessing chamber 101 partitioned by the dielectric window environment change component removing unit 623 that 

removes the physical environment change component of the 103 and the disk - shaped shower plate 102 formed of the 
conductor from the opening part 1014. In the cavity reso apparatus data of the plasma etching apparatus 100 prepro 
nator configured by the space 1013 , the dielectric window 15 cessed in the preprocessing unit 621 using information on 
103 , and the space 1012 , a space that satisfies conditions for the physical environment change component extracted by 
resonating the microwave introduced from the opening part the physical environment change component extraction unit 
1014 is formed . 622 . 
The microwave resonated and amplified inside the cavity The apparatus state prediction calculation unit 630 , which 

resonator is propagate from a plurality of opening parts 1021 20 is an arithmetic unit , includes a model creation and threshold 
formed in the shower plate 102 to the inside of the process calculation unit 631 that creates a model and calculates a 
ing chamber 101 , in the magnetic field formed inside the threshold for performing the state prediction of the plasma 
processing chamber 101 , excites the process gas for pro- etching apparatus 100 using corrected data group from 
cessing supplied to the inside of the processing chamber 101 which the physical environment change component of the 
from the gas supply apparatus 104 , and generates the plasma 25 apparatus data of the plasma etching apparatus 100 is 
with a relatively high density by the electron cyclotron removed in the physical environment change component 
resonance ( ECR ) . removing unit 623 of the data correction unit 620 , and a 
On the other hand , in the substrate electrode 109 , radio soundness index calculation unit 632 that calculates a sound frequency power is applied from the radio frequency power ness index of the plasma etching apparatus 100 using the 

supply 112 controlled by the control apparatus 200 , an ion 30 corrected data group from which the physical environment is drawn from the plasma with the process gas for processing change component of the apparatus data of the plasma generated inside the processing chamber 101 to the upper etching apparatus 100 is removed by the physical environ surface of the wafer 110 mounted on the substrate electrode 
109 , and thereby the etching processing is performed on the ment change component removing unit 623 of the data 

correction unit 620 and a threshold calculated in the model surface of the wafer 110 . 
creation and threshold calculation unit 631 . The present invention is not limited to the above - de 

scribed embodiments , and various modifications The determination / control unit 640 includes an output 
included . For example , in the present embodiment described unit 641 that determines the state of the plasma etching 
above , the embodiment of the ECR plasma apparatus is apparatus 100 using the threshold calculated in the model 
particularly described . However , the present invention has 40 creation and threshold calculation unit 631 of the apparatus 
the same effect even when another plasma generating appa- state prediction calculation unit 630 and the soundness index 
ratus or method , for example , inductively coupled plasma of the plasma etching apparatus 100 calculated by the 
( ICP ) or capacitively coupled plasma ( CCP ) is used . The soundness index calculation unit 632 and outputs a signal for 
embodiments described above are described in detail for performing apparatus control predetermined by the result . 
describing the present invention in an easily understandable 45 The flowchart shown in FIG . 3 is a diagram for explaining 
manner , and are not necessarily limited to those including all the principle of the present embodiment , and indicates a 
the configurations described . It is possible to add / removel physical environment change component removal sequence 
replace a part of the configurations of the present embodi- executed by the data correction unit 620 in the state predic 
ment described above . tion apparatus 600 of the plasma processing apparatus 500 . 

FIG . 2 shows a configuration of a plasma processing 50 The sequence for explaining the principle of the present 
apparatus 500 according to the embodiment of the present embodiment shown in FIG . 3 indicates a calculation 
invention . The plasma processing apparatus 500 according sequence that extracts the physical environment change 
to the present embodiment is configured with the plasma component from the apparatus physical environment data 
etching apparatus 100 that processes the wafer 110 and has group , and removes the physical environment change com 
the configuration described in FIG . 1 , and the state predic- 55 ponent of the apparatus data in the case of using the principal 
tion apparatus 600 that predicts the state of the plasma component analysis . 
etching apparatus 100 from information obtained during the First , as a first step , the physical environment change 
operation of the plasma etching apparatus 100 . component extraction unit 622 performs principal compo 
The state prediction apparatus 600 includes a data record- nent analysis on the apparatus physical environment data 

ing unit 610 , a data correction unit 620 , an apparatus state 60 using the data acquired by preprocessing the apparatus 
prediction calculation unit 630 , and a determination / control physical environment data recorded in the physical environ 
unit 640 . ment measurement data recording unit 611 by the prepro 

The data recording unit 610 includes a physical environ- cessing unit 621 to construct a principal component space 
ment measurement data recording unit 611 that records ( S3001 ) . 
apparatus physical environment data of the plasma etching 65 Next , as a second step , the physical environment change 
apparatus 100 , and an apparatus data recording unit 612 that component extraction unit 622 projects the apparatus data 
records the apparatus data . preprocessed with the preprocessing unit 621 on the prin 

35 
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cipal component space constructed by the principal compo- apparatus 100 is not performing the plasma processing , that 
nent analysis on the apparatus physical environment data in is , the state in which the plasma is not generated inside the 
S3001 ( S3002 ) . processing chamber 101 , the light transmitted through the 
As a third step , in the physical environment change quartz window 201 - B is received and spectroscopically 

component removing unit 623 , a first principal component 5 measured by the spectroscopic measurement device 203 , 
( or plurality of principal components from top ) in the and records the spectroscopic measurement data as the 
principal component space is multiplied by a coefficient zero apparatus physical environment data of the apparatus in the 
from the apparatus data projected on the principal compo- physical environment measurement data recording unit 611 
nent space in S3002 using the data acquired by preprocess- of the apparatus ( S4001 ) . It is preferable that the light source 
ing the apparatus data recorded in the apparatus data record- 10 used as the external light source 202 has a light component 
ing unit 612 by the preprocessing unit 621 ( S3003 ) . ( wavelength component ) the same as ( or similar to ) the 
As a fourth step , the physical environment change com- plasma emission generated by the processing chamber 101 , 

ponent removing unit 623 reconverts the apparatus data to and it is appropriate to include light of 100 nm to 1,000 nm 
the original data space ( S3004 ) . as the wavelength of plasma emission . 

The apparatus data of the plasma etching apparatus 100 15 Thereafter , in the state that the external light source 202 
recorded in the apparatus data recording unit 612 of the data is shut off , plasma is generated inside the processing cham 
recording unit 610 is the electrical signal data obtained at ber 101 , the plasma processing is performed on the wafer 
any point during the operation of the plasma etching appa- 110 , the light transmitted through the quartz window 201 - B 
ratus 100 and the plasma emission spectroscopic measure- in the plasma emission during the processing is received and 
ment data acquired by measurement with the spectroscopic 20 spectroscopically measured by the spectroscopic measure 
measurement device 203 during the plasma processing . ment device 203 , and the spectroscopic measurement data is 

In the present embodiment , the case where the apparatus recorded in the apparatus data recording unit 612 as the 
data is the plasma emission spectroscopic measurement data apparatus data ( S4002 ) . 
will be described as an example . Since the data types of the These are repeated a plurality of times to measure a 
apparatus data recorded in the apparatus data recording unit 25 plurality of apparatus physical environment data and appa 
612 and the apparatus physical environment data recorded in ratus data . These data includes temporal change component 
the physical environment measurement data recording unit resulting from change in accumulation of a reaction product 
611 need to be the same , in a case where the apparatus data and change in temperature caused by a plurality of repeated 
recorded in the apparatus data recording unit 612 is the processes or the change in the film thickness or the surface 
emission spectroscopic measurement data detected by the 30 state of the quartz window 201 - B and the quartz cover 115 . 
spectroscopic measurement device 203 , the apparatus physi- The measured apparatus physical environment data and 
cal environment data recorded in the physical environment the apparatus data are recorded and stored in the physical 
measurement data recording unit 611 is similarly the emis- environment measurement data recording unit 611 or the 
sion spectroscopic measurement data detected by the spec- apparatus data recording unit 612 of the data recording unit 
troscopic measurement device 203 . 35 610 , respectively . The apparatus physical environment data 

The measurement value of the emission spectroscopic and the apparatus data acquired by methods shown in 
measurement data detected by the spectroscopic measure- ( S4001 ) and ( S4002 ) in advance may be stored in the data 
ment device 203 temporally changes due to the state change recording unit 610. In this case , in the processing chamber 
in the part consumption of the processing chamber 101. For 101 in which the quartz windows 201 - A and 201 - B , and the 
example , in the quartz window 201 - B for introducing light 40 quartz cover 115 in which the state change in the film 
to the spectroscopic measurement device 203 installed out- thickness , occurrence of the roughness , or change in surface 
side the processing chamber 101 and a quartz cover 115 state such as fogging did not occur are installed , it is 
installed so to cover the inner wall of the processing cham- preferable that the apparatus physical environment data and 
ber 101 , the emission spectroscopic measurement data the apparatus data acquired by starting the process from the 
detected by the spectroscopic measurement device 203 45 apparatus whose apparatus state is known to be sound are 
changes as the quartz fogging amount , roughness , and the stored . 
film thickness temporally changes . In the case of storing such a prior data set , it is preferable 

Since these quartz change components do not affect the to start the data record indicated in ( S4001 ) and ( S4002 ) 
plasma etching result , in the case of performing the appa- from the apparatus state the same with ( or similar to ) the 
ratus state prediction with high accuracy , it is necessary to 50 apparatus state in which the prior data set acquired . 
be removed ( canceled ) from the measurement data recorded Next , preprocessing is performed in the preprocessing 
in the data recording unit 610 . unit 621 of the data correction unit 620 for the apparatus 

In the plasma processing apparatus 500 according to the physical environment data and the apparatus data stored in 
present embodiment , in addition to the process flow the data recording unit 610 ( S4003 ) . The preprocessing 
explained with the principle of the present embodiment 55 performed in the preprocessing unit 621 is removal of 
explained in FIG . 3 , the temporal change components of the outliers , extraction of a feature value , and standardization 
quartz surface state included in the apparatus data are processing 
removed by the method shown in FIG . 4 or the method of As a feature value to be extracted , frequency components 
a modification example shown in FIG . 5 . acquired by Fourier transform or statistics or such as stan 

In the measurement of the quartz surface change and the 60 dard deviation , mean , variance , kurtosis , crest factor , skew 
removal sequence of the quartz surface change component ness , and the like are used . 
using the external light according to the present embodiment The standardization processing is a process of subtracting 
shown in the flowchart of FIG . 4 , first , the external light each data point by an average of the same type data group 
emitted from the external light source 202 installed outside and dividing by each standard deviation of the data group , 
the processing chamber 101 and transmitted through the 65 and by standardizing , it is possible to convert each data point 
quartz window 201 - A is introduced to the inside of the so that the average value of the data group is zero and the 
processing chamber 101 in the time when the plasma etching standard deviation is one . For the apparatus physical envi 
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ronment data and the apparatus data , standardization pro- of principal components from top ) is a temporal change 
cessing of the same method as extraction of the same kind component accompanying a change in the surface state of 
and the same number of feature values needs to be per- quartz . 
formed . Next , the physical environment change component 

Thereafter , in the physical environment change compo- 5 extraction unit 622 projects the plasma spectroscopic mea 
nent extraction unit 622 , principal component analysis is surement data , that is , the apparatus data recorded in the 
performed on the external light spectroscopic measurement apparatus data recording unit 612 and preprocessed in the 
data group , that is , the apparatus physical environment data preprocessing unit 621 on the principal component space 
preprocessed in S4003 , and construct the principal compo- ( S4005 : corresponds to S3002 in FIG . 3 ) . In the physical 
nent space ( S4004 : corresponds to S3001 in FIG . 3 ) . 10 environment change component removing unit 623 , the first 

Generally , the principal component analysis is an unsu- principal component ( or plurality of principal components 
pervised algorithm that can reduce a dimension of data while from top ) is multiplied by the coefficient zero from the 
maintaining information in a direction with a large variance plasma spectroscopic measurement data , and the first prin 
for the data . The direction with the large variance is referred cipal component ( or plurality of principal components from 
to as a principal component ( PCs ) , and it is possible to 15 top ) is removed ( S4006 : corresponds to S3003 in FIG . 3 ) . 
represent data existing in a high dimensional space in a low Next , in the physical environment change component 
dimensional space without avoiding loss of the information removing unit 623 , the plasma spectroscopic measurement 
by reconstructing the data based on the principal component . data is reconverted to the original data space ( S4007 : 

corresponds to S3004 in FIG . 3 ) , and an operation is 
20 performed in the apparatus state prediction calculation unit 

X = t1 p1 + f2p2 + tk PÅ + E ( Formula 1 ) 630 using the reconverted plasma spectroscopic measure 
ment data as input data of the apparatus state prediction 

= up ? + E calculation ( S4008 : corresponds to S3005 in FIG . 3 ) . 
With the above sequence , in the plasma spectroscopic 

25 measurement data , which is the apparatus data , the quartz 
change component is canceled , and it is corrected to data 
including only the temporal change component caused by 

That is , as shown in an equation ( Formula 1 ) , the PCA accumulation of the reaction product to be monitored . These 
decomposes matrix data X as a sum of PC scores t? and PC series of sequences are executed each time the plasma 
loadings 30 processing is performed on the sample . Accordingly , it is 
P? plus a residual matrix E. possible to remove change component accompanying the 
X is a matrix that preserves directions with larger fractions . temporal change of the quartz state from the apparatus data 

obtained for each sample processing and to perform the 
operation to predict the apparatus state . 

cov ( x1 , xi ) COV ( x1 , xk ) ( Formula 2 ) 35 As a modification example of the measurement of the 
cov ( X ) = : quartz surface change and the removal sequence of the 

COV ( Xk , X1 ) cov ( xk , xk ) quartz surface change component explained in FIG . 4 , an 
example in which the external light spectroscopic measure 
ment data acquisition step of S4001 is changed will be 

Mathematically , the PCA executes an eigenvector decom- 40 described with reference to FIG . 5 as a modification of the 
position of a variance / covariance matrix ( X ) shown in an embodiment of the present invention . 
equation ( Formula 2 ) . The flowchart shown in FIG . 5 shows a second modifi 
In X ERMIN , m is the number of samples stored as a row cation example of the measurement of the quartz surface 
vector and n is a process variable ( n << m ) stored as a column change and the removal sequence of the quartz surface 
vector . The cov ( X ) is the variance / covariance matrix of k 45 change component using the external light ( or rare gas 
rows and k columns . In a case where each variable is discharge ) according to the embodiment of the present 
normalized as an average value of zero and standard devia- invention . 
tion of one , cov ( X ) means a correlation matrix . First , a plurality of quartz windows 201 - A and 201 - B ( or 

In algebra , the eigenvector of a square matrix means a quartz cover 115 ) with different quartz consumption are 
vector in which a direction is maintained in a linear trans- 50 prepared and one of them is attached to the plasma etching 
formation as shown in an equation ( Formula 3 ) . apparatus 100 ( S5001 ) . In the plasma etching apparatus 100 , 

when the plasma processing is not being performed ( state in cov ( X ) p = hipi ( Formula 3 ) which plasma is not generated inside the processing cham 
à ; is a scalar value based on the eigenvector p ; known as an ber 101 ) , in the external light emitted from the external light eigenvalue . 55 source 202 , transmitted through the quartz window 201 - A , 

and passed through inside the processing chamber 101 , the Xp ; = t1 ( Formula 4 ) external light transmitted through the quartz window 201 - B 
The matrix data X is expressed by t ; and p ; as shown in an is spectroscopically measured by the spectroscopic measure 
equation ( Formula 4 ) . ment device 203. The obtained spectroscopic measurement 

The first principal component ( or plurality of principal 60 data is stored in the physical environment measurement data 
components from top ) obtained from the principal compo- recording unit 611 of the apparatus of the data recording unit 
nent analysis is a temporal change component of the external 610 as reference data ( S5002 : corresponds to S4001 in FIG . 
light measurement data recorded in the physical environ- 4 ) . 
ment measurement data recording unit 611 of the apparatus . S5001 and S5002 are repeatedly executed while replacing 
Since the temporal change in the measurement data of the 65 the plurality of prepared quartz windows 201 - A and 201 - B 
external light is mainly caused by the change in the surface ( or quartz cover 115 ) with different quartz consumption with 
state of the quartz , the first principal component ( or plurality the plasma etching apparatus 100 , and the acquired spec 

: 
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troscopic measurement data is accumulated in the physical scopic measurement data as input data of the apparatus state 
environment measurement data recording unit 611 of the prediction calculation unit 630 ( S5106 : corresponds to 
apparatus as the reference data . S4008 in FIG . 4 ) . 
Next , by repeatedly executing S5001 and S5002 , for the These series of sequences are repeatedly executed each 

data group of the reference data stored in the physical 5 time the plasma processing of the sample is performed in the 
environment measurement data recording unit 611 , prepro- plasma etching apparatus 100. Accordingly , it is possible to 
cessing is performed in the preprocessing unit 621 of the perform the operation to predict the apparatus state of the 
data correction unit 620 ( S5003 : corresponds to S4003 in plasma etching apparatus 100 by removing change compo 
FIG . 4 ) . The preprocessing method executed in S5003 is the nent accompanying the temporal change of the quartz state 
same as the preprocessing described in S4003 . 10 ( transmittance of plasma light ) of the quartz window 201 - B 

With respect to the reference data subjected to prepro- from the apparatus data of the plasma etching apparatus 100 
cessing in S5003 , the principal component analysis is per- acquired for each sample processing . 
formed in the physical environment change component In the present embodiment , although removing the emis 
extraction unit 622 and the principal component space is sion intensity change component that is caused by the 
constructed ( S5004 : corresponds to S3001 in FIG . 3 and 15 change in the quartz fogging amount , change in the film 
S4004 in FIG . 4 ) . The principal component and the number thickness , and change in the roughness in the quartz win 
of the coefficients acquired from the principal component dows 201 - A and 201 - B that are installed for the light 
analysis are stored as the principal component data in a induction of the spectroscopic measurement and the quartz 
principal component data storage unit ( not shown ) in the cover 115 installed to cover the inner wall of the plasma 
physical environment change component extraction unit 20 etching apparatus 100 is explained as an example in the 
622 . plasma emission measurement data , a similar method can be 
Next , the control apparatus 200 controls the plasma applied when removing the plasma impedance change com 

etching apparatus 100 to generate plasma in the processing ponent caused by the change in the film thickness of the 
chamber 101 to perform plasma processing of the sample , insulating film layer formed on the grounded apparatus inner 
during that time , the plasma emission spectroscopic mea- 25 wall portion in the plasma impedance measurement data . In 
surement data is acquired by measuring the emission of the that case , the above - described external light measurement 
plasma generated inside the processing chamber 101 as the and plasma spectroscopic measurement may be replaced by 
apparatus data by the spectroscopic measurement device 203 the plasma impedance measurement . 
via the quartz window 201 - B , and stored in the apparatus In the plasma impedance measurement , it is possible to set 
data recording unit 612 ( S5101 : corresponds to S4002 in 30 the temporal change component of the film thickness of the 
FIG . 4 ) . insulating layer formed on the substrate electrode 109 or on 

The apparatus data acquired in advance by the method the earth 114 as a removal target in addition to the temporal 
shown in advance ( S5101 ) may be stored in the apparatus change component of the thickness of the quartz windows 
data recording unit 612. In the case , it is preferable that the 201 - A and 201 - B the quartz cover 115 . 
apparatus data acquired by starting the processing in the 35 FIG . 6 shows the apparatus state prediction calculation 
processing chamber in which the quartz windows 201 - A and sequence according to the embodiment of the present inven 
201 - B and the quartz cover 115 in which the change in the tion , and corresponds to the detailed contents of S4007 of 
film thickness , generation of roughness , and change in the the process flow in the present embodiment described in 
surface state change such as fogging did not occur are FIG . 4 or S5105 of the process flow in the modification 
installed from the apparatus whose apparatus state is known 40 example described in FIG . 5. The apparatus state prediction 
to be healthy is stored . In a case where the prior data set is calculation sequence is executed by the apparatus state 
stored , it is preferable to start recording of the apparatus data prediction calculation unit 630 in response to the data from 
indicated in ( S5101 ) from the same ( or similar ) apparatus the apparatus state prediction calculation unit 630 . 
state with the apparatus state in which the prior data set First , the apparatus data reconverted in S4008 or S5106 
acquired . 45 by the physical environment change component removing 

Thereafter , the preprocessing unit 621 performs prepro- unit 623 of the apparatus state prediction calculation unit 
cessing in the same manner as the preprocessing described 630 as input data are divided into the data set for model 
in S5003 ( S5102 : corresponds to S4003 in FIG . 4 ) . The creation as a reference and the apparatus data to predict the 
physical environment change component extraction unit 622 state in the model creation and threshold calculation unit 631 
projects the plasma spectroscopic measurement data as the 50 ( S6001 ) . In the present embodiment , the data set for model 
apparatus data on the principal component space using the creation as a reference is the data set collected during 
principal component data stored in the principal component periods known as healthy apparatus states , and in the present 
data ( S5103 : corresponds to S3002 in FIG . 3 and S4005 in embodiment , the data set recorded during an initial state of 
FIG . 4 ) , and in the physical environment change component the apparatus is used . 
removing unit 623 , the first principal component ( or plural- 55 Next , creation of a model and calculation of a threshold 
ity of principal components from top ) is multiplied by the is performed in the model creation and threshold calculation 
coefficient zero from the plasma spectroscopic measurement unit 631 ( S6002 ) . Finally , the soundness index calculation 
data projected to the principal component space , the first unit 632 calculates a dissociation amount from the created 
principal component ( or plurality of principal components model in the model creation and threshold calculation unit 
from top ) is removed ( S5104 : corresponds to S4006 in FIG . 60 631 in the apparatus data for state prediction input from the 
4 ) . physical environment change component removing unit 623 

Finally , in the physical environment change component of the apparatus state prediction calculation unit 630 
removing unit 623 , the plasma spectroscopic measurement ( S6003 ) . 
data is reconverted to the original data space ( S5105 : A machine learning algorithm is used for calculation of 
corresponds to S4007 in FIG . 4 ) , an operation is performed 65 creating a model and calculating the threshold in the model 
to predict the apparatus state in the apparatus state prediction creation and threshold calculation unit 631 and calculation 
calculation unit 630 using the converted plasma spectro- of the soundness index value in the soundness index calcu 
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lation unit 632. For example , various generally known Q statistics is expressed by the equation ( Formula 8 ) . 
machine learning algorithms such as those recorded in Q = XE2 = 2 ; = 1 " e ;? ( Formula 8 ) Machine learning by Kevin P. Murphy can be applied . In the 
present embodiment , a case of using T - squared statistics and In Q statistics , it is calculated as the sum of squares of the 
statistics applying principal component analysis which is 5 error term E of the apparatus data for state prediction for 
one kind of multivariate analysis will be described . each state as follows . e , denotes jth residual . 

In S4007 of the sequence shown in FIG . 4 or S5105 of the FIG . 7 is an example of the apparatus state prediction 
sequence shown in FIG . 5 , after removing the temporal calculation result according to the embodiment of the pres 
change component of the apparatus physical environment ent invention calculated in the S6001 to S6003 steps using 
from the apparatus data in the physical environment change 10 the corrected apparatus data by removing the temporal 
component removing unit 623 , according to the sequence change component of the apparatus physical environment 
explained using FIG . 6 , after dividing the data set for model data , and shows the relationship between the transition of the 
creation and the apparatus data for state prediction in S6001 , soundness index value and the threshold value with respect 
the principal component analysis is performed with respect to the number of processed wafers . The transition of the 
to the data set for model creation . Thereafter , learning data 15 soundness index value and the threshold value were calcu 
and evaluation data are reconstructed in the principal com- lated using T - squared . As the continuous operation time 
ponent space , calculation of the threshold for determining an ( wafer processed number ) of the apparatus increases , it can 
abnormality is performed in S6002 , and the soundness index be seen that the soundness index value increases . As 
value indicating the apparatus state with respect to the described above , it is possible to determine and detect the 
apparatus data for state prediction for each state is calculated 20 abnormality by monitoring the relationship between the 
in S6003 . calculated soundness index value and the threshold value . 
As described - above , T - squared statistics and Q statistics During actual operation , for example , in a case where the 

are used for the calculation of the threshold in S6002 , and soundness index value calculated by the soundness index 
the calculation of the soundness index value in S6003 . In calculation unit 632 continuously exceeds the threshold 
T - squared statistics , the variation is based on the F distri- 25 calculated by the model creation and threshold calculation 
bution . The threshold is defined as a rejection region 1 % unit 631 , it is better to perform rule - controlled control in 
excluding a confidence interval 99 % , and it is defined such advance such as outputting an apparatus control signal for 
that the apparatus data for state prediction corresponding to stopping the plasma etching apparatus 100 from the output 
the rejection region is determined to be abnormal . unit 641 of the determination / control unit 640 to the plasma 

To calculate the threshold , use the equation ( Formula 5 ) . 30 etching apparatus 100 , outputting a warning message signal 
such as urging maintenance , or outputting the apparatus 
control signal and the warning message signal to the plasma 

r ( m - 1 ) ( Formula 5 ) etching apparatus 100 at the same time . TZ According to the above - described embodiment , in the 
35 plasma processing apparatus that processes a sample , it is 

Here , Tc2 indicates a threshold having the confidence inter possible to capture the continuous temporal change compo 
val 99 % , m is the number of samples of X , r is the number nents in physical environment change of the apparatus that 
of stored principal component PCs , Fr , m - r , a indicates a does not affect the plasma processing result but greatly 

affects the data acquired from the apparatus , to remove only rejection region a % of F distribution having r and ( m - r ) 
degrees of freedom . 40 the change component from the input data in calculation for 

After calculating the threshold in S6002 , the soundness performing the apparatus state prediction , and to improve 
index value of the apparatus data for state prediction for each the prediction accuracy of the apparatus state . 
state in S6003 is calculated by the following equation According to the present embodiment , in the plasma 
( Formula 6 ) . processing apparatus , it is possible to detect the apparatus 

abnormality that affects the plasma processing result as the T2 = tE - 1,7 ( Formula 6 ) prediction target with high accuracy , and accurately predict 
t is data having k columns projected on the PC space , and a time for maintenance . 
E- ' is an inverse square matrix of eigenvalues à ; up to the rth The invention made by the present inventors is described 
in descending order of the correlation matrix . in detail based on the embodiments , but the present inven 
Q statistics is based on the X ? distribution . In the case of Q 50 tion is not limited to the embodiments . It goes without 
statistics as well as the case of T - squared statistics , the saying that various modifications can be made without 
threshold is defined as a rejection region 1 % excluding a departing from the gist thereof . For example , the embodi 
confidence interval 99 % , and it is defined such that the ments described above are described in detail for describing 
apparatus data for state prediction corresponding to the the present invention in an easily understandable manner , 
rejection region is determined to be abnormal . 55 and are not necessarily limited to those including all the 
To calculate the threshold , the following equation is used . configurations described . It is possible to add / remove / re 

place another configuration with respect to a part of the 
configurations of the embodiments described above . 

SPEQ ( Formula 7 ) What is claimed is : 
1. A plasma processing apparatus comprising : 

202h2 Azho Vozhocho - 1 ) a processing chamber in which a sample is subjected to 
01 01 plasma processing ; and 

a state prediction apparatus configured to ; 
20103 01 = 1. , i = 1 , 2 , 3 , ho predict a state of the processing chamber ; 
303 remove a temporal change component of a physical 

environment of the processing chamber from first data 
monitored during the plasma processing ; and 

= 
r , m - ra m - r 

45 

= 

60 1 
ho 

+1+ 

65 
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perform an operation to predict the state of the processing preprocessing when performing a principal component 
chamber using the first data from which the temporal analysis on the second data . 
change component is removed as input data , 8. The plasma processing apparatus according to claim 2 , 

wherein the temporal change component is extracted from wherein the state prediction apparatus performs process 
second data indicating the physical environment of the 5 ing that extracts a feature value from the second data as 
processing chamber . preprocessing when performing a principal component 

2. The plasma processing apparatus according to claim 1 , analysis on the second data . 
wherein the state prediction apparatus constructs a prin 9. The plasma processing apparatus according to claim 8 , 

cipal component space of the second data by perform wherein the state prediction apparatus extracts statistics as 
the feature value of the second data . ing a principal component analysis using the second 10 

data , and removes the temporal change component 10. The plasma processing apparatus according to claim 
from the first data by projecting the first data on the 8 , 
principal component space to remove a first principal wherein the state prediction apparatus extracts a fre 
component or a plurality of principal components from quency component as the feature value of the second 

data . the first data projected on the principal component 15 
space and to be returned to an original data space . 11. The plasma processing apparatus according to claim 2 , 

3. The plasma processing apparatus according to claim 2 , wherein the state prediction apparatus uses a machine 
wherein the first data includes emission data of plasma , learning algorithm as a method of extracting the tem 

and poral change component of the physical environment 
from the second data . wherein the second data includes data of external light 20 

acquired by changing an internal state of the processing 12. The plasma processing apparatus according to claim 
chamber . 

4. The plasma processing apparatus according to claim 3 , wherein the state prediction apparatus uses a non - linear 
wherein changing the internal state of the processing algorithm as a method of extracting the temporal 

chamber includes changing a fogging amount of a change component of the physical environment from 
the second data . quartz cover that is disposed to cover an inner wall of 

the processing chamber , a surface state of the quartz 13. The plasma processing apparatus according to claim 
7 , cover , a thickness of the quartz cover , a fogging amount 

of a transmission window through which the external wherein the state prediction apparatus performs standard 
light passes , a surface state of the transmission window 30 ization processing on data as preprocessing when per 
or a thickness of the transmission window . forming the principal component analysis on the sec 

ond data . 5. The plasma processing apparatus according to claim 2 , 
wherein the first data includes plasma impedance acquired 14. The plasma processing apparatus according to claim 

by a radio frequency voltage applied to a sample stage 2 , 
on which the sample is placed and a radio frequency 35 wherein the state prediction apparatus acquires the first 
current that flows in the sample stage during the plasma data and the second data at every intervals of sampling 
processing of the sample , and frequency of 5 Hz or higher . 

wherein the second data is acquired by changing a thick 15. A state prediction apparatus that predicts a state of a 
ness of a quartz cover that is disposed so as to cover an processing chamber in which a sample is subjected to 
inner wall of the processing chamber , and includes 40 plasma processing , the apparatus comprising : 
plasma impedance acquired by the radio frequency an arithmetic processor configured to perform an opera 
voltage or the radio frequency current . tion to predict state of the processing chamber using 

6. The plasma processing apparatus according to claim 2 , first data monitored during the plasma processing , from 
wherein the state prediction apparatus performs arithme which a temporal change component of a physical 

tic operation to predict the state of the processing 45 environment of the processing chamber is removed as 
chamber using a principal component analysis ( PCA ) input data , 
T - squared or a PCA - state prediction estimation ( SPE ) . wherein the temporal change component is extracted from 

7. The plasma processing apparatus according to claim 2 , second data indicating the physical environment of the 
wherein the state prediction apparatus performs process processing chamber . 

ing that removes an outlier from the second data as 
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